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Rates of degradation of leaves of Avicennia marina (Forssk.) Vierh. and Bruguiera gymnorrhiza (L.) Lam. were 
investigated in St Lucia Estuary in the warm and cool seasons at three positions on the shore, viz. where leaves 
were constantly submerged, where they were exposed only at low spring tides and where they were inundated 
only at high spring tides. Degradation occurred more rapidly in A. marina than in B. gymnorrhiza and leaves 
constantly submerged decomposed at a faster rate than those exposed for most of the time. Decomposition rates 
were consistently lower in the cool season. The concentration of nitrogen in all leaves increased over the 
decomposition period, although there was a decrease in total nitrogen content with rapid decomposition. While 
under certain conditions degradation proceeds at a rapid rate, because of the lower additions of nitrogen to the 
system from decomposing leaves, there do not appear to be significant ecological advantages from this rapid 
decomposition. There were sharp decreases in the phosphorus and potassium contents of the leaves, presumably 
largely due to leaching. This work has emphasized the importance of mangrove leaf litter as a source of, and 
substrate for, nutrient release. 
Die afbraaktempo van blare van Avicennia marina (Forssk.) Vierh. en Bruguiera gymnorrhiza (L.) Lam. is gedurende 
die warm en koel seisoene op drie verskillende plekke op die kus van die St Luciariviermond ondersoek, naamlik 
waar die blare deurlopend ondergedompel is, waar dit slegs gedurende lae springgety ontbloot is en waar dit 
slegs gedurende hoe springgety bedek word. Afbraak het vinniger plaasgevind by A. marina as in B. gymnorrhiza 
en blare wat deurlopend ondergedompel is het teen 'n vinniger tempo vergaan as die wat vir die grootste deel 
van die tyd ontbloot was. Afbraaktempo's was deurgaans laer gedurende die koelseisoen. Die stikstofkonsentrasie 
in al die blare het gedurende die afbraakperiode toegeneem alhoewel daar tydens snelle afbraak 'n afname in 
totale stikstofinhoud was. Alhoewel daar onder sekere toestande afbraak teen 'n versnelde tempo plaasvind, wil 
dit voorkom asof daar, vanwee die stadiger toevoeging van stikstof tot die sisteem van die verrottende blare, nie 
'n merkbare ekologiese voordeel van die vinnige afbraak is nie. Daar was skerp afnames in die fosfaat- en 
kaliuminhoud van die blare, vermoedelik hoofsaaklik vanwee uitloging. Hierdie werk het die belangrikheid van 
manglietblaarval as 'n bron van, en substraat vir vrystelling van voedingstowwe beklemtoon. 
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Introduction 
Two species of mangroves, A vicennia marina (Forssk.) Vierh. 
and Bruguiera gymnorrhiza (L.) Lam., form important 
components of the fringing vegetation in St Lucia Estuary 
from the mouth to the upper part of the region known as 
The Forks, 19 km upstream from the mouth. A survey of 
litter production has revealed that for A. marina and B. 
gymnorrhiza the mean yield is 2, 78 and 1,99 g m- 2 day- 1 
respectively, of which leaves form a significant component 
(Steinke & Ward in prep.). However, more leaf litter is 
produced in the warmer than in the cooler months. As several 
authors (Galley eta!. 1962; Odum & Heald 1972; Lugo & 
Snedaker 1974; Teas 1979) have indicated that leaves in the 
litter may make a major contribution to the nutrient budget 
of an estuary, it was considered necessary to study the de-
gradation of this component. Field observations revealed that 
although many leaves are deposited on the shore at the level 
of high water spring tides, a large number sink and appear 
to decompose on the lower shore. For these reasons a project 
was conducted in St Lucia Estuary to provide information 
on rates of degradation of leaves of the two mangrove species 
in relation to season and position on the shore. 
for the vicinity of the experiment (Hay 1985; Forbes & 
Bentedd 1986). As there were no complete records, and as 
many litter bags were exposed to air rather than water 
temperatures, it was decided to use the monthly mean air 
temperatures for Cape St Lucia as an indication of local 
temperature (Table 1). 
Methods 
The study was conducted in St Lucia Estuary on an accreting 
shoreline approximately 1,5 km north of the main road bridge 
(Figure 1). The area is tidal and measured salinities were 
between 300/oo and 35°/oo. No water temperature measure-
ments were made, although discontinuous data were available 
Yellow, senescent leaves, whose abscission was judged to 
be imminent, were picked from trees and taken to the labo- · 
ratory within an hour. Leaves of A . marina and B. gymnor-
rhiza were sorted into groups of approximately equal numbers 
(25 and 17 for each species respectively), weighed to equal 
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Figure 1 St Lucia Estuary, showing the southern section where the 
litter bags were placed (X). 
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Table 1 Monthly mean air temperatures at Cape St 
Lucia (S.A. Weather Bureau) 
Month Temperature (0 C) 
January 24,6 
February 24,7 
March 24,1 
April 22,6 
May 20,0 
June 17,9 
July 17,9 
August 18,9 
September 20,0 
October 21,1 
November 22,5 
December 23,6 
Mean 21,5 
mass and placed in nylon bags with a very fine, but irregular 
mesh (c. 1 mm aperture) . Samples, with the same number 
and mass of leaves, for dry weight determinations were 
weighed, dried in a forced-draught oven at 70°C, and then 
reweighed. The litter bags were tied to marker posts in the 
field. 
To assess the effect of season, the project was conducted 
over 6 months during both the warm and the cool seasons 
of the year. The warm-season study commenced on 17/12/82 
and continued until 20/6/ 83 , while the cool-season study 
stretched from 20/5/83 to 14/11183. During these periods 
mean air temperatures from Cape St Lucia approximated 
22,8° and 19,5°C respectively. Discontinuous water tempera-
tures gave means of 23,9° and 20,9°C for the same periods 
(Forbes & Bentedd 1986). In the first trial, bags were placed 
in three positions on the shore, viz., where constantly sub-
merged (lower shore), where exposed only at low spring tides 
(mid-shore) and where inundated only at high spring tides 
(upper shore) . There were four replications at each site. In 
the cool-season trial, bags were also placed in these three 
positions with four replications of each treatment, except in 
the case of the mid-shore treatment which had only three 
replications for all but the last two harvests. 
During the period of these studies, because of logistical 
problems, litter bags were collected only at approximately 
30-day intervals. On each collection date the bags were 
removed to the laboratory where washing of the contents was 
carried out on a 30-mesh (0,60 mm) sieve using only a gentle 
stream of water to prevent damage to the material as far as 
possible. The material was then oven-dried for a week at 70°C 
and weighed. Milling of the dried material was carried out 
on a Cassella mill to pass a 1-mm mesh sieve. 
Exponential decay relationships were calculated for the leaf 
dry matter, although it is appreciated that there are a number 
of limitations to their usefulness (Swift eta!. 1979). Overall 
fractional loss rates (k) were calculated from the formula: 
natural log (X/Xo) = - kt where Xt and Xo are the dry 
maso,L'' remaining at time t and time 0 respectively (Olson 
1963). L h tantaneous fractional loss rates (k1) were calculated · 
from the formula: k1 = 1 - e- kt which makes possible 
comparison of decomposition rates for labile constituents in 
long-term studies (Olson 1963). Turnover times for decomposi-
tion (years) were calculated from the reciprocal of k and half-
times were estimated from 0,693/ k (Olson 1963). 
Leaf samples from each harvest were analysed for nitrogen, 
phosphorus and potassium. Nitrogen was determined by the 
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micro-Kjeldahl method (Horwitz 1965). Extracts for the 
determination of phosphorus and potassium were prepared 
by ashing according to the method described by Ewe! (1976). 
Phosphorus was determined by the molybdophosphoric blue 
colour method (Jackson 1962) and potassium was determined 
by atomic absorption spectrophotometry using a Varian 
Techtron Model 1200. 
Results 
The bags from the mid-shore site for the warm-season trial, 
in spite of their being tied to well-embedded fencing standards 
using stainless steel wire, were unaccountably lost before the 
first harvest, therefore no results for that particular treatment 
are available. 
Dry matter 
The decrease in mass of leaves in the warm and cool seasons 
is shown in Figure 2. From Figure 2 and Table 2 it is clear 
that A. marina leaves were degraded more rapidly than B. 
gymnorrhiza leaves. In the warm season trial the A. marina 
leaves which were constantly submerged had decomposed after 
3 months, although the process was slower in the cool season, 
the leaves having decomposed after 4 months. 
Statistical analysis of the exponential decay relationships 
(Table 3) made possible a comparison of degradation of leaf 
litter of the two species under the conditions of the experiment. 
In the warm season, leaves on the lower shore degraded 
significantly faster than those on the upper shore and material 
of A. marina degraded more rapidly than that of B. gymnor-
rhiza. In the cool season, the rates of decomposition were 
generally slower than in the warm season. Results from the 
lower shore showed a similar trend, although the upper shore 
material revealed no significant differences between the two 
species. Only in the case of A. marina were the results at mid-
shore significantly different from those obtained on the upper 
and lower shores. 
Of interest was the presence in the litter bags of the lower 
and mid-shore of large numbers of Assiminea sp. which are 
considered to be detritus feeders (Day 1974), although Branch 
& Branch (1981) suggested that they feed on the bacteria 
present on decomposing leaves. That they contributed to a 
more rapid breakdown of litter either directly or indirectly 
is highly probable. 
Nitrogen 
There was an increase in nitrogen percentages during the 
decomposition periods (Table 4). In A. marina the increase 
was rapid initially, while in B. gymnorrhiza there was a steady 
increase during each period (Figure 3). Similar increases have 
been recorded with mangrove litter (Fell eta!. 1972; Steinke, 
eta!. 1983), although Vander Valk & Attiwill (1984) showed 
an initial decrease apparently due to leaching. These increases 
are due to an influx of nitrogen from the water column to 
the detrital pool via microbial activity (Rice & Tenore 1981). 
For each treatment an inverse linear relationship (y = 
a - bx) was found between the percentage of original biomass 
remaining and nitrogen concentration in the residual material 
with a significant correlation coefficient in each case. This 
inverse linear relationship is well established and is attributable 
largely to microbial action (Aber & Melillo 1980). An attempt 
was made to compare statistically the b-values of these 
regressions to give an indication of mean rate of nitrogen 
accumulation (Snedecor 1957). Although many of the 
values approached significance, in only one comparison, viz. 
B. gymnorrhiza leaves at the two positions on the shore in 
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Figure 2 Dry matter losses of mangrove leaves during degradation in the warm season (a) and cool season (b) . (A. marina: 0 upper , 0 mid-
and !::. lower shore; B. gymnorrhiza: e upper, • mid- and • lower shore). 
Table 2 Mean reduction in oven-dry mass (g) of leaves during degradation initially and after 6 
months in the field. (%) = percentage reduction 
Final values (.X ± S.E.) 
Position on shore 
lower mid- upper 
Initial value 
Season Species (.X ± S.E.) value OJo value OJo value OJo 
Warm A . marina 5,46 ± 0,07 0,22 ± 0,07 95,9 1,36 ± 0,23 75,1 
B. gymnorrhiza 10,21 ± 0,11 1,70 ± 0,44 83,4 4,65 ± 0,58 54,5 
Cool A . marina 5,79 ± 0,17 0,64 ± 0,04 88,9 0,56 ± 0,05 90,3 1,61 ± 0,15 72,2 
B. gymnorrhiza 10,82 ± 0,24 2,78 ± 0,13 74,4 4,49 ± 0,27 58,5 5,77 ± 0,15 46,7 
Table 3 Decomposition constants for mangrove leaf litter in the warm and cool seasons at 
different positions on the shore 
Halftime Turnover Significance 
Season Species - k - k[ (yr) (yr) - k values 
Warm B. gymnorrhiza (upper) - 0,14 - 0,12 4,95 7,14 - 0,93 (P<0,01) CDe 
(lower) - 0,37 -0,30 1,87 2,70 - 0,91 (P < 0,01) Ba 
A . marina (upper) -0,25 - 0,21 2,77 4,00 -0,92 (P<0,01) Cbc 
(lower) - 0,64 - 0,50 1,08 1,56 - 0,82 (P < 0,05) A 
Cool B. gymnorrhiza (upper) - 0,10 - 0,09 6,93 10,00 -0,94 (P < 0,01) De 
(mid-) - 0,16 -0,14 4,33 6,25 - 0,98 (P < 0,01) CD de 
(lower) - 0,23 - 0,19 3,01 4,35 - 0,99 (P < 0,01) Ccd 
A . marina (upper) - 0,17 - 0,15 4,08 5,88 - 0,86 (P < 0,05) CDde 
(mid-) - 0,31 - 0,25 2,24 3,22 -0,94 (P < 0,01) BCab 
(lower) - 0,36 -0,29 1,92 2,78 -0,94 (P< 0,01) Ba 
Any two treatments which do not have a letter in common differ significantly: capital letters denote significance at the 1 OJo 
level, small letters show significance at the 50Jo level 
Table 4 Mean nitrogen percentages in leaf litter initially and after 6 months in the field.(%) percentage increase 
lower 
Initial value 
Season Species (x ± S.E.) value 
Warm A. marina 0,6770 ± 0,0183 1,3167 
B. gymnorrhiza 0,3122 ± 0,0095 0,7984 ± 0,1175 
Cool A. marina 0,7214 ± 0,0386 1 ,3026 ± 0,0478 
B. gymnorrhiza 0,3025 ± 0,0286 0, 7844 ± 0,0229 
OJo 
194,5 
255 ,7 
180,6 
259,3 
Final values (.X ± S.E.) 
Position on shore 
mid-
value 
1,2466 ± 0,0478 
0,7284 ± 0,0229 
OJo 
172,8 
240,8 
upper 
value 
1,1206 
0,6864 ± 0,0836 
1,2186 ± 0,0268 
0,6163 ± 0,0323 
OJo 
165,5 
219,9 
168,9 
203,7 
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Figure 3 Increase in the percentage of nitrogen in the leaf litter during degradation in the warm season (a) and cool season (b) . (A . marina: 
0 upper, 0 mid- and !::. lower shore; B. gymnorrhiza: e upper, • mid- and .A. lower shore). 
summer, was a significant difference (P < 0,05) obtained. 
Clearly more replications would be needed for future studies. 
Consequently no definite conclusions can be drawn, but there 
does appear to be a tendency for the rate of nitrogen accumu-
lation to be greatest on the lower shore with greater differences 
being shown in B. gymnorrhiza than A . marina litter. 
However, of more significance to estuarine ecology was 
the nitrogen content of the litter during the course of each 
of the decomposition periods (Figure 4). Despite a decrease 
in mass of material in the litterbags, the nitrogen content 
of the B. gymnorrhiza bags on the upper and mid-shore 
remained high for the duration of each period, while only 
the A . marina litter on the upper shore in winter did not 
show a steady decrease. The high nitrogen contents were 
maintained despite an apparent initial loss of this element 
from the leaves through leaching, subsequent loss of fixed 
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nitrogen to the water column and the possible effects of 
feeding by animals. 
Phosphorus 
In both trials the initial level was much higher in A. marina 
than in B. gymnorrhiza leaves. There was a rapid initial 
decrease in phosphorus content of the litter, after which the 
values remained fairly constant at a low level (Figure 5). 
Unfortunately loss of material from the first harvest prevented 
direct comparison of the rates involved, but it did not appear 
as if there was a difference between seasons. 
Potassium 
Although analyses revealed that A. marina leaves had a higher 
initial potassium content than B. gymnorrhiza leaves, in both 
species there was a sharp decrease in the first month to the 
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Figure 4 Nitrogen contents of litter bags in the warm season (a) and cool season (b). (A. marina: 0 upper, 0 mid- and !::.lower shore; B. gymnorrhiza: 
e upper, • mid- and .A. lower shore). 
S. Afr. J. Bot., 1987, 53(5) 
1,2 (a) 
E 
1,0 
Q. 
Q. 
0,8 
(/) 
:::l 
~ 2 0,6 
Q. 
(/) 
0 
..c: 0,4 
a. 
0 ,2 
·--·--.. 
. --· . -·--·---~-· 
0 ·5 I til 2 3 
lllonths 
E 
Q. 
1,3 
1,1 
0 ,9 
Q. 0 ,7 
(/) 
:::l 0 0,5 
..c: 
Q. 
(/) 
0 
..c: 
a. 
327 
2 3 4 5 6 
Months 
Figure 5 Decrease in phosphorus contents of leaf litter during degradation in the warm season (a) and cool season (b). (A . marina: 0 upper, 
D mid- and !'::,. lower shore; B. gymnorrhiza: e upper, • mid- and .A. lower shore). 
low levels which persisted until the end of the sampling period 
(Figure 6). Here, too, no comparison between seasons was 
possible. It is apparent that losses of both phosphorus and 
potassium occurred largely through leaching in the first 
month. There appeared to be a more rapid decrease in levels 
of potassium than in those of phosphorus, as shown also by 
Van der Valk & Attiwill (1984), possibly because potassium 
does not have a structural role in plants (Bidwell 1979). 
Discussion 
The fact that position on the shore appears to have had a 
significant effect on dry matter decrease requires closer 
examination. Although litter on the upper shore was subjected 
to microbial attack, conditions for the actions of the organisms 
would have been more favourable on the lower shore. This 
is due to the fact that litter did not dry out at any time and 
temperatures would have shown fewer extremes. Twilley et 
a/. (1986) also indicated that accelerated dry mass loss occurred 
with longer periods of inundation. In addition, the presence 
of large numbers of small detritivores such as Assiminea sp. 
in the lower bags probably would have contributed to a more 
rapid degradation. On the upper shore small detritus feeders 
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were not as abundant as at the lower sites, while crabs, which 
can play an important role in litter breakdown, were excluded 
from the bags. These results, therefore, cannot be accepted 
as a true state of actual litter breakdown in the field but, 
rather, as an indication of potential breakdown. 
Although rate of degradation was slower and nitrogen 
percentages lower on the upper shore, season had less effect. 
This, however, might not be the case in areas where lower 
temperatures are experienced in the cool season. There would 
appear to be little benefit to the ecosystem with the faster rate 
of decomposition recorded in this study other than in pro-
viding more nutrients for summer seasonal organisms. The 
slower decomposing leaves maintained a higher nitrogen 
content in the bags and it is suggested that under these 
conditions more nitrogen could accrue to the system. 
This study suggests that nitrogen accumulation . by micro-
organisms on decomposing leaves provides an important 
source of this element to the ecosystem. To this must be added 
the effects of detritus feeders which have also been shown 
to contribute towards nitrogen accumulation (Newell 1965). 
Estimates of litter production by mangroves in the St Lucia 
Estuary have indicated that the 160 ha yield approximately 
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Figure 6 Decrease in potassium contents of leaf litter during degradation in the warm season (a) and cool season (b). (A . marina: 0 upper, 
D mid- and !'::,. lower shore; B. gymnorrhiza: e upper, • mid- and .A. lower shore). 
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1300 t y - 1 (Ward & Steinke 1982; Steinke & Ward in prep.). 
As almost half of this yield is leaf material, it is clear that 
degradation of this component must be important to the 
ecosystem. That mangrove leaf litter is a source of nutrients 
through leaching and a substrate for nitrogen accumulation 
and release is emphasized in this study, and this confirms 
previous work in this field (Odum & Heald 1972; Odum et 
at. 1973; Teas 1979). However, Golley eta!. (1962) concluded 
that the amount of carbon lost from an estuary by export 
and respiration exceeded that supplied by leaves in the litter. 
To what extent the mangrove leaf litter in the St Lucia Estuary 
meets the needs of that ecosystem must still be determined. 
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